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(54) THIN FILM CAPACITOR 

(57) Abstract: 

PURPOSE: To obtain a small-sized high capacity thin film 
capacitor by forming a metal body on a thin inorganic 
dielectric deposited on a metal foil. 

CONSTITUTION: The thin film capacitor comprises a thin 
inorganic dielectric 2 deposited on a metal foil 1 
serving as a substrate and a lower electrode, and an 
upper electrode, i.e., a metal body 3, formed on the 
thin inorganic dielectric 2. When the thin film 
capacitor Is produced, a thin inorganic dielectric of (Ba^ ^, 
Sr )TiO is deposited, as a mask, on the metal foil, 
i e'^.^'a Pt foil 1, using an-RF magnetron sputtering 
system. A thin mask of Ni 3 is then deposited, as the 
metal body 3, on the thin inorganic dielectric 2 using 
an RF magnetron. Since the total thickness of an element 
is decreased, the thin inorganic dielectrics and the 
metal bodies can be laminated in multilayer thus 
realizing a small-sized high capacity thin film capacitor. 
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♦NOTICES' 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] , , 

[Industrial Application] this invention relates to the thin fihn capacitor used for a multi chip module (MCM), the circuit module 

for mobile telecom terminals, etc. 

[0002] ^ , , 

Pescription of the Prior Art] Further miniaturization and high-density- assembly-ization of mountmg technology are demanded 
with a miniaturization, improvement in the speed, and highly-efficient-izing of an electron device. Miniaturization and 
high-density-assembly-ization have been advanced also for capacitor parts, such as a decoupling capacitor for power supply 
stable earned in a circuit module in such a demand. Although capacitor parts had the chip conventionally in use, the thin film 
capacitor is examined as a method of a chip having a limitation pointed out by the miniaturization and replacing with this. 
[0003] The thin film capacitor has constituted the structure where the conductive thin fihn which is a lower electrode, the 
inorgamc-dielectric film, and the conductor fihn which is an up electrode were formed one by one on the substrate which is a base 
material, and the creation is usually performed by performing the membrane formation process by vacuum evaporationo, 
sputtering, etc., and the patterning process by PEP and etching repeatedly to each class. 

[0004] As a merit to the chip of a thin film capacitor, two points of large-capacity-izing accompanying the mimaturization by 
sharp reduction of (1 ) each thickness and thin-film-izing of (2) inorganic-dielectric layers are gained. However, since the 
substrate which is a base material is required for thin fihn creation, it has a limitation also in a miniaturization and large 
capacity-ization for the multilayenng seen by chips, such as a fihn capacitor, to be difficult etc. fi-om the complexity of that 
thickness of the whole element cannot be made below into the thickness of a substrate, and a creation process which was 
mentioned above. 
[0005] 

[Problem(s) to be Solved by the havention] As mentioned above, the present condition is that small [ required for a 
miniaturization and improvement in the speed ] and the mass thin fihn capacitor of a device are not offered, this invention is 
accomplished in view of the above-mentioned trouble, and it aims at offering small and a mass thin fihn capacitor, without 
complicating a process. 

[0006] . 
[Means for Solving the Problem] hi order to solve the above-mentioned trouble, the thin fihn capacitor by the mvention m this 
application is characterized by providing a metallic foil object, the inorganic-dielectric thin fihn formed on the metallic foil object, 
and the metal body formed on the aforementioned inorganic-dielectric thin film. 

[0007] Moreover, the thin film capacitor by this invention is characterized by being involved in or being collapsed. Thickness is 
the metal plate of micron order and 5-100 micrometers of board thickness of the aforementioned metallic foil object are desirable. 
Especially if conductivity is shown as a metalhc foil object material and it is with a high material of opportunity-ductility and 
malleability, although it will not be limited, Pd, Au, aluminum, nickel, and Pt are desirable, moreover, SrTi03 later mentioned as 
an inorganic-dielectric thin film material and BaSrTi03 etc. - when using oxide ceramics, especially noble metals, such as Pt, 
Au, and Pd, are desirable at the point of not making a resultant with a low dielectric constant to the interface of a metallic foil 
object and an inorganic-dielectric thin film layer 

[0008] as an inorganic- dielectric thin film material - Si02, Ta 203, SrTi03, and BaSrTi03 although it begins and 
thin-film-izing is possible, and it will not be limited especially if it is - 2 receive 2 or more figure of SiO(s), and Ta 203 SrTi03 
which receives and has a dielectric constant big 1 or more figures, and BaSrTi03 etc. - the oxidization ceramics which have a 
perovskite structure are more desirable in respect of large-capacity- izing 



X 0U09 ] Moreover, Pt, Au, Pd, nickel, aiuminumi, etc. are desirable at me reasijn same as a metal-body matenal as metallic toil 



object material. Especially the membrane formation method of an inorgamc-dielectric thin fihn and a metal body is not limited, 
but may be based on wet methods, such as anodic oxidation besides vacuum processes, such as vacuum evaporationo and 
sputtering, and a sol-gel method. If the forming-membranes method in which mask membrane formation is possible is used like 
vacuum evaporationo and sputtering, a PEP process can be cut down and facilitation of a process can be attained. 
[0010] moreover - as an inorganic-dielectric thin film - SrTi03 and BaSrTi03 etc. - since it is obtained that a fihn [ carry / in 
vacuum processes, such as vacuum evaporationo and sputtering, ] is more nearly quality when using the oxidization ceramics 
which have a perovskite structure, it is more desirable 

[001 1] In this invention, muUilayering becomes possible as a metallic foil object by bending, such as Pt, Au, Pd, nickel, and 
aluminum, contamination, folding by using a strong material distorted, etc. hi multilayering by contamination, folding, etc., in 
order to avoid the electric contact to a metallic foil object and a metal body if needed, it is effective to form the insulator on a thin 
film on the aforementioned metal body. Moreover, it is also effective to attain multilayering by making it the multilayer structtire 
which carried out the laminating of the conductor thin film to the aforementioned inorganic-dielectric thin fihn by ttims as a metal 
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body besides contamination and foldi . 
station - collapsing - etc, .. it beoo^s possible to realize the mmalunzauo,, of «. element 

rvr?^??EP SSsSfs used on this Pt foil 1 . and it is TiO (BaO.5 Sr0.5)3. 200nm mask membrane formation of the 

^^^^ 

S^l boTi rrmcmbrate fomtation temperature of 350 degrees C b, RF magnetron sputtermg system. Srze of an up 

™ Strs°wt iSe^d^otnc eharaetensttos of the obtamed thtn film oapaettor were measured, rt is o.p«it« »ze 
dmrSlSiilt. It ,«e,.ed. the value of elect,»s.atic<.p«.itj C=30.F was acqmred. a»J the gcd property was 

ZT^^^^i^'^^^^^^'i^^ »f ,00„m,membrane fonn.t.on temperant. of 500 degrees C, 
lSt?eSno7c.-20xR. to RaofPtfoiUeakageKatrtcnt density J<-^ 

[SS^t^i ™XsHt electrostatic cpact, can be obtatned in sufficient s.ze tor the mmiaturrzation of «, 

Si^S2:ti=TnSV.irL;^sri^t™=^^ 
[i:gTetiCdrj^=mrhT;;S^^^ 

^1 be mad. sm.h 2 order Therefore, electrostatic capacity suff.cren. m s,« sdiicent m Ihrs example for the 
miniaturizati on of an element can be obtained 



WHW^xamole 4 ) 1 lie mckU lull I wmramickness ol ^ uuciomelcis is iii.t prepared as a melallCTTro^^T^ magnetr^' 
SSng Sm s u^d nSdfoil 1 , and it is SrTi03 as an inorganicdielectnc Oim film 2^The thm film 2 (thickness of 
00^ fonnation temperature of 400 degrees C) was formed with the '-^f^l^^^^',^),^ , .^^^kness of 

002^'Next on this inorganic-dielectric thm film 2. the above-mentioned mask was used and Ae mckel ihm film 3 (thictoess ot 

oZmtran^rS^^ 

foil i with which the laminating of a thin film 2 and the mckel thin film 3 was 

P0257ta this way when the dielectric charactenstics of the obtained thm fitai capacitor were measured, the ^as value with an 
dSrifatk LZmC= 1,1 micro F was acquired to capacitor size Immxlmmxlmm. Also m this example, suffici^t 
e cJo c capaci? can be obtained m sufficient size for the miniaturization of an element for the same reason as an ex^ple 3. 
[0026kS^ 5) Dr^inga (a), (b), and (c) are the cross sections explaining the manufactunng process of the thm film 
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magnetron sputtering system is used on this Pt foil 4. It is Ti03 as an morganic-dielectnc thm film 5 ^aO.5 SrtX5). As a dun fita 
?Sckness of 200irmembrane fonnation temperature of 500 degr^s C), and a metal baiy 6 the •"^^fT^fi^f.^^^^ 
5 was formed for the Pt thin fibn 6 (thickness of 50mn, membrane formation temperature of 400 degrees Q. and J^^e ^yers and 
a total of seven layers were formed for four layers and the metal body 6 one by one respective y. It is TiO(Ba0.5 SrO.5) 3 m that 
case. Mask membrane formation of the Pt thin fibn 6 was carried out so that it might contact alternately, as a thm fihn 5 showed 

S'NexrSshown in drawing 2 (b), it is TiO(Ba0.5 SrO.5) 3 by the PEP process, the ion nulling process, and ttie resist 
exfoliation process. PackaFIi#7tching of the both sides of a thin fihn 5 and the Pt thm film 6 was earned out^ At Aat mie^lhe 
PEP process was inserted in the middle of etching so that one side of the lowest layer of the morgamc-dielectnc thm film layer 5 
might remain, as shown all over drawing. • , r i » j^-7„ ot 

[0029] Next, as shown m drawing 2 (c), nickel electrode layers 7a and 7b were formed. Consequently, mckel electrode 7a, Pt 
electrode layer 6a, and the Pt foil 4 serve as structure which was contacted electrically and mckel electrode layer 7 a and Pt 
electrode 6b contacted electncally, and the portion (inside L of drawing) with which the electrode layer has lapped through the 
inorganic-dielectric layer 5 serves as composition of a multilayer capacitor. 

[0030] In this way. when the dielectric characteristics of the obtained thin film capacitor were measured, it is capacitor size 
lmmxlmmx6micromt. It received and the value of electrostatic-capacity C=120nF was acquu-ed. 

[003 1 1 Thin film-ization of about 1 /1 00 is attained compared with the capacitor of this structure which created this capacitor for 
example, on usual Si with 0.6mm thick thermal oxidation film. Therefore, electrostatic capacity sufficient m size sufficient m this 
example for the miniaturization of an element can be obtained. . •, , , . • , 

[00321 (Example 6) Drawing 3 is the cross section showing some power amplification modules of the mobile telecom terminal 
which used the thin fihn capacitor of this invention, and eight in drawing is aluminum 203. 10 is a substrate. Pt foil whose 9 is a 
metallic foil object, and SrTi03 which is an inorganic-dielectric thin fihn. A thm fihn. nickel thm fihn whose 1 1 is a metal body, 
and 1 2 show the semiconductor device in which nickel thin fihn and 14 included the solder bump, and, as for a polyimide 
insulator layer and 13,8 mcluded Irrespectively. , ^ r •, -.u .u- r 

[0033] Next, the manufacture method of this equipment is explained. It is SrTi03 on the Pt foil 9 with a thickness of 5 
micrometers first. RF magnetron-sputtering membraneformationofathin fihn lOandthe 1 st nickel thin fitoi 11 wascarriedout 
the whole lOOnm, respectively, and the thin film capacitor of lOO-micrometer angle was fonned through a PEP process, mckel 
etching, and resist exfoliation processing. . • , ■ 

[00341 Next the dicing of this thm film capacitor is carried out, and it starts on 200-micrometer square, and is alummum 203. 
aluminum 203 after pasting up with an electric conduction paste on a substrate 8 On the substrate 8, the apphcation and die 
exposure development were given for the polyhnide and the polyimide insulator layer 1 2 was 20 micrometer-thick-formed. 
[00351 Next 2-micrometer thick vacuum evaporationo of the 2nd nickel thin fihn 1 3 was earned out, and pattern formatton ot the 
resist (not shown) was carried out to 8-micrometer ** by the same pattern as the polyimide insulator layer 1 2 accordmg to the 
PEP process on this nickel thin fihn 13. . . j <• 

[00361 Next the aforementioned resist was used as the mask, after a lammating and the aforementioned resist were removed tor 
solder by the galvanizmg method by having used the 2nd mckel fihn 1 3 as the cathode layer, and 1 00-micrometer angle and the 
solder bump 14 with a height of30 micrometers were formed four pieces. 

[0037] Next the semiconductor device 1 5 has been arranged and the semiconductor device 1 5 was mounted by the solder reflow 
so that this four solder bump 14 might be in agreement with the four comers of a semiconductor device 15, Like this example, 
since the thin fihn capacitor usmg the metallic foil object can constittite the thickness of the whole element thinly enough 
compared with a bump's height, it becomes possible to make the thin fihn capacitor by this invention intervene between pads with 
a bump, and high density assembly can be realized. 

mSt of the Invention] Since the multilayering by the thickness of the whole element decreasing by leaps and bounds, and 
carrying out the laminating of the metal body to the multilayering by contamination and folding and an morgamc-dielectnc thm 
film by turns is possible according to this invention as explained above, small and a mass thm film capacitor can be oflered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rOrawine 1 1 The cross section of the thin film capacitor by this invention. , ^ - . 

rDrawing2 The cross section explaining the manufacture method of the thin film capacitor by this invention. 
Uawinfi3 The cross section of the equipment which intervened between the semiconductor chip and the substrate and 



IDrawing 31 The cross 
constituted the thin film capacitor by this invention 
Pescription of Notations] 

1 ... Metallic foil object 

2 ... Inorganic-dielectric thin fibn 

3 ... Metal body 

4 ...Metallic foil object 

5 ... Inorganic-dielectric thin film 
6 ... Metal body 

7 ... Electrode 

8 ... aluminum 203 Substrate 

9 ... Metallic foil object 

10 ... Inorganic-dielectric thinfibn 

11 ...Metal body 

12 ... Polyimide insulator layer 

13 ... nickel electrode 

14 ... Solder bump 

15 ... Semiconductor device 
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CLAIMS 



[Claim(s)] • ^1 r 

[Clami 1] The thin film capacitor characterized by providing a metallic foil object, the inorgamc-dielectnc thm film formed on the 

metallic foil object, and the metal body formed on the aforementioned inorganic-dielectric thin fihn. 

[Claim 2] The thin film capacitor according to claim 1 characterized by carrying out at least one or more layer lammatmg 

membrane formation of an inorganic-dielectric thin film and the metal body, and involving in this metallic foil object on the 

aforementioned metallic foil object, or being folded up; 
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